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1. ~ INTRODUCTION

Ih’this paper ve wili.deseribe the procedures for collecting, prepro-~

) cessing, and quelity'controlliﬁg the data ﬁsed for meteerological analyses at
the National MeteOrelogical'CeQ;er (NMC) Tﬁe discuesion is focused on NMC's -
globai:eptimu@ ihtefpoiafion‘(édi) analysis syetem’which is used  for beth
oéefetional medium-range forecesting and,data assimilation. We will notvdiscuse‘
.vthe dateiae§éc£e of our LimitedrareaiFihe—Mesh system or‘the previously opé£a¥”'

” tional HOUGH system, which is still used but only as: a backup procedute.

'fhe evolution of”OI anélyses at'NMCshasfSeen,dOCumented inethe'seriee
' of artlcles by Bergman (1979), McPherson et al. (1579), Kistler and Parrisﬁ
‘(1982) ‘and Dey and Morone (1985). . However, very.little of what is_presented‘
lhere is contained in those éapers.. We inﬁené'to addiess some eSSential but
pnélamorous'aepeets of a numericai weather predictiqn operation that seldom
appear in the literature. The pépei is organized in the’d;der thatithe taeks
ere normally ?erformed. - We beQin.wieh an oveiviewtef the data:collection
procedures in Section:Z, followed by the discuésioﬁ of the dafe preprecessorr
for thé‘OI‘ana1§Sis in Section. 3. "We discuss the details of thefgeheretion
and éreliminary quality eheckingfof forecast errors in Section 4, and the
pre—analysis buddy eheek in Sectiqn 5. Differenees between‘the‘GOI aﬁd fhee

‘new regional’optimum interpolation (ROI) system are discussed'in Section 6.



2. DATA COLLECTION AND PRELIMINARY PROCESSING

2.1 Collection

Whilefthé primary sodfcé,éf daﬁa is tﬁe~Global Telecoﬁmunications'Sy$tem
L;(GTS),.fhe;efarérQArious gfheggséuxqes of informgtion ;vregioné;, go§ernmental,
‘J;ana-militéfy;fforwéxéﬁ§1é ;x££%£f@ust,be,considefea. ‘The,formidable-tésk'of
‘¢QlleEtiﬁ§,bpréceséiég’éﬁd éolléﬁiﬁg‘the meteoroloéiéal,data‘base is perforﬁed
‘bf'NMc;; Autqﬁéfibn Division,f‘Atjéresent,.almést’all of‘the communication

dnd collection fﬁnctipns are perfdrmed_by a pair of IBM 4341 computers.

Each iﬁcomih§ b£l1etiﬁ'£é§ iférréceipt fime loggéd.and is then staged
fo é holding fiie. ThoSefbulletins of thé‘same_déta type;- for example, surface
reports“— are chaiﬁed‘togéthér such that they constitute a logica1 file.‘ The 
:recéipt:time accompénies‘eaqh fepért aﬁ éverY'stage of additionalbprécessing;
Headipgs'which are unre¢ognizabl§ - i.e;;‘those whicﬁ have no matching ehtry in
thé éWitqhing'directofy - aré‘disélayed‘for possibig correétion'and‘re—entry
to the system for processing. CIn the:case of the uppex#air'reports, the |
‘ pfocessor thch examines thét iogical chain of;bulleﬁiﬁS'is invoked ffequently.
 This ﬁakes the reports availabie f@f maﬁuél‘inépection and ‘correction via a
KCRT. Additionaliy, the upper;air,procéssér:géneratés qﬁeueéjof unprocessable
reports- for visual inspeCtion;v Copies of the oﬁher logical filés of raw daté
‘areltransferred from‘the‘4341'system to the front-end computéi system (NAS9040)

~ at intervals of~abdutu20_minutes.'

The processed“uppér¥air file is transferred to the 9040 at the beginniﬁg
of. each analeis'suité, ahd'the processors which handle the other types of
data are invoked‘to:fdrm the basic data 'sets which providefthe input to the

~-analysis data‘preprocéssbr. The. locally generated satellite soundings and



cloud%track wind estimates afe pfoduced in the 9040 system, and are,also avail-
able as part of the basic data set. A list of these data sets, their contents

and their relevant time periods are given in Table 1.

Table 1. Basic Data Sets for OI Analyses at NMC

Name S Contents o valid Times (cmT)?t-
ADPSFC. TXXZ Land station (SYNOP) . xx = 00, 06, 12, 18

N. American hourlies

SFCSHP.TxxZ Buoys (fixed, drifting) “xx = 00, 06, 12, 18
Ships (fixed, moving)
MARS (marine reporting stations)

SFCBOG . TxxXZ " Sea-level pressure bogqus . - XX = 00, 06, 12, 18
' .Satellite moisture bogus
Australian sea-level bogus

ADPUPA. TXXZ ' Land station upper air - xx = 00, 06, 12, 18
Ship upper-air = co :
Reconnaissance data

UPABOG . TXXZ ' Height bogus (250 mb). . xx = 00, 12

AiRCFT.Tka ’ Aircraft reports (AIREP) xx =00, 06, 12, 18
' Constant-level balloons

AIRCAR.Txe 7, ) Aircraft reports (ACARSé) XX ; 00,v06;.12,~18
SATWND . TxxZ | : Sateilite wind estimatesr XX ¥300; 12, Té
TSFLAG(CxxG) . i Monitor‘flags for satellite xx = OO,'06; 12, 18
soundings '
| TSDCTY(CxxG) | Directory for satellite - xx_% 00, 06,‘ﬁ2; 18

sounding file

TOVS .NMCEDS Temperature soundings from
: ) polar-orbiting satellites

lvalia observation times within main synoptic data set

xx = 00 12100-0259 GMT xx =12  0900-1459 GMT
Xx = 06 _ 0300-0859 GMT - xx = 18 1500-2059 GMT

Zé;inc Communications Addressing and Reporting System



2.2 'Formattihg :

With the exception of the TSFLAG, TSDCTY and TOVS (TIROS Operational

' Eertidal Sounding) files, all of the basic_data sets in Table 1 are packed
| in. a uniform format designed for maximum efficiency of storage. This ..°

format is described in NMC Office Notes ON 29 (1969) and ON 124 (1973).

Besides the report'identification information,,there are severai categories

of data accommodated by the format. The categories and pertinent parameters:

for ON 29/124 fbrmat:data are described in Table 2. Within a»sihgle‘report

thexe can be more than one category(bf iﬁfdrmation, and there can be any

number of levels of information within a given category.  In general,

time has been éombinéd into a single report:

however, all of the information concerning an observation at a particular

Tablé 2.  Data CategOries and Contents for_NMc ON.29/124 Format~

Category o Description
1 Mandatory Level
*2 Significant Level
*3 Winds~by-Pressure
*4 Winds-by-Height
5 Tropopause Level
6 Flight-Level Winds
8 Miscellaneous =
51

-Surface data

* First level reserved for surface

Abbreviations and units

P

Po’

P*

Za
4

format several data selection steps

Contents

. %, T, .7Tdd, DD, FF, QM

P, T, Tdd, OM
P, DD, FF, OM
%, DD, FF, OM
P, T, Tdd, DD, FF, QM
Za, T, Tdd, DD, FF, QM

~Bogus -data, cloud-drift wind P
.Po, P*, T, Tdd, DD, FF, QM

pressure (m) ; © T  temperature (K)

sea—level-preSSure (mb) ;y( Tdd dew-point depression (K)
‘station pressure (mb) DD wind direction (degrees)
pressure‘altitude (m) " FF . wind speed (knots) :

geopotential height (m) OM  quality marks (EBCDIC)

During the processing of the raw-data holding_files into ON 29/124

are performed. Duplicate_reports are

removed retaining the report with the‘iargést humberjofydata“groups present.



For sufface land statioﬁé, which report mbrejfrequehtly,than eveiy six houré)
the'obsefvatioﬁ neares#the‘main syﬁoptic time‘iSJChosen, 'Thi§ méénsvthat an
observationist at an interﬁédiate synoptic-time proVidés "back—up" for . a
missing report at one‘pf tﬁe_main:synoptic times. This is also true éf_surféce
observations'which are\avéilableAat nonstandard fiﬁgs.. The.arrangemént is

such that the Global Daté,Assimilation SYStém‘(GDAS)’w111 uti1ize a répqrt

onlf oncézinvany76 houf'gycle. ’Iﬁ addition, the station»elevation and location
are added toiéachxréport at this Eime fromxatmaSter station dictionary contain-
. injlinformation fqrfeach.repérting 1ébétibn. .For radiosonde reports, a code

indicating the instfumeht’type is also included.

‘_2.3 Ccnsistency Checks

The coded quality marks of ON 29/124, ‘listed in Table 3, indicate the
- results of certain objective consiStencY~checkS made‘on‘the data as they are
~processed into the basic data sets. 1In. the following sectioné, we will discuss.

the consistency checks and flags which are most relevant to the OI analyses.

"2.3.1 Radiosonde Data

'{ﬁadiosdﬁde_sounaihgidata are Subjected‘to the folléwinq consistency
checks. iA1i‘m;naatéry;level‘dété are first checked for réaéonable’méteo?ologiéal‘
‘vaiﬁés. The reported values must'fgll withiﬁithe rahge4séécified,in.Table 4;

 . if they d§inot; they are assigﬁéd quality mark "B". ‘Similéfly,‘sigﬁificantvlévei.

temperature data are checked with Limits found by intexrpolating betweenvléGélsr



Table 3. lReleVant Quality Marks for ON 29/124‘Format Data

~A. Universal Quality Marks

- blank/$ . Not specified
H. B ‘ Monitor requests retention
P -7 Momitor requeSts non—usé

B. Upper-Air Parameters Z, T and wind Cétegories 1 through 5

“Céde f_‘ EE : S Meaningv

v A/I ., Passed vertical cénsiétenéy check‘ﬁifh>ti§ht’limits
B/J : v‘failéd groés-e;ror éheék and not recomputed

‘C/K ‘ ‘ : Parameter:wés_miésing‘ahd haé been recomputed
D/L Failea verticaliconsistency check Qiﬁh_tight limits?

passed with loose "limits

F/N ‘ Failed vertical'chsistency‘check with loose limits
C. Surface Parameters P, T and Z Categories 2 through 4 - "ROI
u/2 . R Surface data frbm Parts A.and-B disagree;

Part A is chosen
v/3 L Surface data from Parts A and B agréé
HD. ‘Surface Marine ?arameters P*,and:Wind Category 51
a e . . ship or buoy wind measurement by anemometer

b‘ . | o Unreliable Po valﬁe fiomva;ship report -

" E. Sea-Level Pressure Parameter Po Category 51

LA L Good agreement between Po and P*
B S B  jDisagreement.between Po and B*’
C S i Miésing‘P# where one is normally available

:.D "‘ o : Fair agreement between Po‘and P?v(high elevation)

Code



Table 4. TLimits for RawinSonde Data Checks

. Reference D-Val Meters. - Tem_'é. °C Max Wind . Temp.
Level Height Low High Low High Speed Knots Diff. °K
1000 113 - 671 488 = =65 60 - 60 1.1

850. 1457 - 823 396 -50 45 - 80 .9
. 700. . 3016 - 915 . 457 -50 30 100 1.5
500 5572 - ~1067 549 =57 5 150 3.9 .
400 7181  -1311 .~ 610 - -66 =10 175 3.2 -
300 9159  -1433 793 =72 -20 225 5.4
250 10359 - -1524 915 -76. =25 . .225 4.7
200 11784  =1524 915 -78 - =30 . 225 © 3.9
150 13618 -1524 915 -85 =30 200 3.1
100 16206  -2206 1294 -95 =30 175 3.9
70 18486  -1990 1110~ -95 =25 150 4.6
50 20632 -2230 - 970 -95 =15 150 3.4
30 23893  -2890 1610 -95 -5 150 4.9
20 26481  ~-2980 1520 “=95 5 150 3.3

10 31053 -4050 1950 -95 15 150-

' Non—mandatéry levél winds are checked only for gross errors, and ére used in
the 'foilowing ver{:i‘_cal consistency checks for the,ma;ndatofy?level winds. Let
Q DDM and FFM be the mandatory—levéi ‘wind direction and speed, respectively, and
vle'l; DDS and FFS be the correspondin»g' values for the nearesnt ‘signifiéaﬁt—level
‘ ,Wil_ld. Winds-by-hejight {when available) are used firsi;, and aré used. for testing
~at-all. lé_vels wi“thin‘ 3000 meters ofazthe level being’ tested. ‘Nvow" let FFMEAN_ =
1/2 (FFM + FFS8) bev thé mean“ speed, iet DIFDD = :DDM - DDé be the direction
difference, and let FFDIF = FFM - f‘FS be’ Vth:e speea difference. .If. anybf the
followihg’ are tfue, the wiﬁd is 'said .to pass thé vertical c;onsistency che;:k
and is g:i.ven‘ an "A" quality mark:
(1) FFMEAN < 30 and FFDIF < 50
(2) FFMEAN <- 39 and ‘FFDIFV;V‘< 50 and DIFbD < 70
(3) FFMEAN < 39 and FFDIF < 50 and DIFDD < 55
‘(4) - R ’FFDI’F < 50 and DIFDD < 40

All other_ cases result in a failure of thé check and an "F" guality mark.



If winds—by;heightIare*hoﬁ‘évailable, winds—by4pressure areyéonéideredw'”
Only wind reports between 600 mb‘and.125,mb arehusea fd é£§c£ manaatory level
~winds between 560 and 150 mb._iThé mandatory?laye; ﬁidpéints afe uséd‘as thé
demarkation ppinﬁs for détermining which mépdatof§ lévei;i§'t9 béléheckea;
i.e.; Winds‘betwéen 600'and 450.mbAaré'used +0 check the 500 mb*lével,‘wihd§ 
betWeen 450 and 350.mb<aré ﬁsedité:check‘the 400 mb level, and S6 férth. The 
‘same criteria are uséd as ih'the wind—ﬁj—height‘tests,'éxcept that FFDIF is |
tested against 80 ins£ead of 50. Uhtésted mandatory-level winds aré.checked‘
againét<tﬁe next mandétofy iével abéye, unless the next méndatory level below
has.beén checked aﬁd passed. In either case, the teét criteria‘are those
imposed wﬁen checkiﬁg against winds;by—pressure, with the additional requirement

that the magnitudé of the vector difference be less than 80 as well.

‘The heights aﬂd tempefatures are tested in the following manner. - The
ﬁandatory— apd‘significant-level témperatures ére merged and checkea for super- .
adiabatic lapée rateSg The température at‘fhe.top of an unstable layer is
re-calculated for.intefnal uée only. In additidn;'ﬁiSSing mandatory-level
témperatures are computed‘from braéketing éignificantflevel temperatureé and
pressures; provided.fheyrare within 100 mb of‘eéch other. - The allowable pressure
' difference for mandatory levels above 160 mb is 15 mb.  Similarly, missing
_ mandatoryQIeve1 héights are computed by hydrostatic integration: = provided the
teﬁperature and‘height are aﬁailable ét the next 1§Wér.level and thé‘temperature
is.aVailable at tﬁe level‘in question. Calculateé Valués receive a quality

mark of "C".

Mandatory-level heights and temperatufés*are next ‘checked for vertical :
consistency. Using values at the base andvtop'of eéch_mandatbrj layer, two

estimates of the mean virtual'poténtial temperature are-computed: Op from



the temperature and moisture data, and 6y from the height data. A layer

is assumed to be vertically consistent if both 6p and 8; increase over

the layer below, and the absolute value of their difference, | 8p -6;],

is less than the value given in Table 4. Such ablayer would receive an "A"

quality mark.

The layers are tested‘upwerds from the surface,,prdceeding until a
violation is encountered. Then, a series of tests is performed”to determine'
which parametei is most likely in error. All of the tests involve'ealeulating
a trial wvalue and retesting.the ieyer with it. A succeésful test wiﬁh'the
trial value indicates that the reportedyvalue'is the:eouree ef the problem.

The testing proceeds in the following manner.

1f Op decreases with height and |8p - 65] is excessive,
then a trial temperature is calculated from the next IOWer layer, and the

tests are retried. If a successful test is achieved by using the trial:temperae

- ture, the reported temperature is marked as a failure usihg a quality mark of .

"F". Similarly, if 06y decreasés with height and {6p - 67 is
excessive, then a trial height is calculated for the lower layer and the
tests are retried. ‘If_a successful test results by using the trial height,

the reported height is marked as a failure‘using é quality mark of "F".

if both. 6p and éz iﬁcrease with height, and | 8y - 6] for both
layers is excessive, then it ie_essumed that the error is in the middle tempera-
ture or heiéht. Firet, a trial temperature is ce}culated and compared to the
reported temperature.e if’the difference is greater than 3°C, the tests are

retried with the calculatedytemperature. If the tests are successful, the
reported temperature is marked a failure "F". If the difference is less than

3°C, or if the tests With the calculated temperature still f£ail, then a trial



héight is calculaféd and ¢6mparea t§ the_reported héight;‘llf the difference

is ét”least 75 m,rthe tests are'refrieé‘using the,tfialvheight. If successful,
the reported height is‘givén a qual;tf mark of “F".v if 5oth tiial'values

agreé with the”reported valués, ﬁhenfthe origipai values are retested using
1§6$enéd 1imits on [QT - ezll(ﬁalues“in_Téb;ev4 iﬁcreased by 25%). If

vthe teéﬁ‘is successful, both‘reported vaiﬁes‘are giVen fD"'quality marks. If
the fests are still unsﬁccéssfu;, the testing method has failed and,the reportéd
height and temperaturé are flaggéa as not éhecked, "noe {a blank). Théy‘are not

vflagged‘aé failures since both 9@ and 6z increase with. height.

‘In général,‘recoéhizingbﬁerticallyvgonsistent data is fairly sim?lé aﬁd
useful;’ these tests éccompiishvthaf;‘“betermining Which‘parameter,is in
' errorﬁis muqh less reliable. For example; it is possible to get a trial value
that caﬁées_the reporied valug to §e'marked a failure, when_in factbénother
parameter is inCorreqt. 1ThisAﬁsuallg‘h;§pens oﬁif whén there are insufficient
_significanthevél téﬁperatures évailabie f$r testing. Because of thié uncer?
‘tainty; the proéeduré of flagging the xesﬁitézqf‘the tests - but leaving the

. reported values intact - has been;adopted; g

-~ 2.3.2 Aircraft Data

Aircréff'winavreports are.cheéked for'Wiﬁdfdirectiqﬁs‘in thefrange 0-360
degrees»éﬁd wind speéds between 0 ahd 3dO‘kno£s. be this check is f;iled; or
if”ofhgf‘decodiﬁg problems ariée, the report is‘hptbacceptedffor»prSCQSSiﬁgjkv
into ON 29/124‘format. ‘Inétead, it is written to:a speéiél-errér,file;which7
is éxaﬁihed‘periodicailj by the monitor. The ACARS(pfogram is asU}S..effort
, where specially,équipped domestic aircraft transﬁitrpressurévaltitude, wind
and temperaturé,informatiqn at a higher frequency in time dufing'éSCént (follow-

ing takeoff) and descent'(for landing) than during normal 1e9el’flight. The



ACARS reports are treated in the same manner as other aircraft reports. At
thievtimef there are no'quality or consistency checks performed ‘on the{éatellite:

' cloud*track wind estimates.

2.3.3 Surface Data

.. " Except- for the "H" and "P" flags, the GOI does not examine quality. marks -
var surface data. In fact, surface land data are not used at this time in the
'GOI. On the otherhand, the ROI honors all gquality marks for surface data as

indicated by the last column of Table 3.

The quality marks listed in Table 3E_forvsea—level-p:essure represent
‘the results of the following'consistency cﬁecks pefformedﬁon‘surface land stations
which "'report both Sea—level pressuie and station pressure.i Let ELEV be the
_sﬂation"(m),rP*_be the feported etation‘pressure, T* be the reported surface
temperatufe,.ena-P0>be the repofted see-level'preesure.v The first step is to

‘compute an'estimated‘sea—level,pressure, Py, by reducing the statienipressure

: : , R { 28s. ‘ 5.256
assuming standard atmospheric conditions: Pp = P* | 288.-.0065ELEV .. We
denote’ the magnitude of the pressure difference DELP = IPE - Pglr' Four toierances
‘are determined from the station elevation as follows:

TOLA = 0.15% ((ELEV)** 0.5) + 1.

. TOLB = 0.20* ((ELEV)** 0.5) + 1.

TOLC = 0.20%* (‘(ELEV)** 0.5) + 3.

~TOLD = 0.004% {(ELEV)

The consistency checks can be summarized as follows:

SATISIFIES : o RECEIVES
ELEV < 50Qm,. DELP < TOLA : S
ELEV < 1000m, T*> - 15°c, DELP>TOLB = "B"
500m < ELEV < 1000m, T*<25°c, DELP<LTOLD - "D"
ELEV < 1000m, T*<~15°c, DELP<TOLC , v

ELEV < 1000m and all others o DT L



2.3.4 vMonitored Data

Manual quality control‘is handled by analysts from NMC's Meteorological .
Operations Division. Reports can»be'examined and selectively corrected, purged
or retained. This includes,the ability'to‘flag a single parameter at a single

level, a complete‘report, or‘a'block of reports in a' given area. These monitor

‘flags are 1ncorporated when the basic data sets of Table 1 are generated. -The

’“purge“ or "hold" flags are used in place of any ex1st1ng quallty marks..'

3. DATA PRE-PROCESSING FOR THE OI ANALYSIS :

Once the basic data sets of Table 1 are constructed, it is the purpose

-of the pre—processor to select the 1nformation required by the analys1s and o

.output the data in the form_expected by‘subsequent s0ftware, all of'Which is;‘

run on the CYBER 205, Preproces31ng is performed on the front-end computers
to fa0111tate unpacklng of ON 29/124 data, which are in EBCDIC character form,

and to minlmize the volume of 1nformation to be transmitted across the data

link between the front-end and the CYBER 205. The major functions of the

' preprocessor are (1) to read in and unpack.the reports,-(Z) to perform

rudimentary checks for time, location, completeness and quality, (3) to convert

units and apply correctlons and (4) to pack block and wrlte out the data.

3.1 Input/Output Processing

We begin' by discussing.the firSt and last functions, both of which in-
volve input/output processing and‘packed formats. The input data sets have
already been dlscussed as has the ON 29/124 format of the 1nput data. Reports
are read 1n, unpacked and dealt with one at a time. Observations are proCessed“
into a flxed—lengthbblock.containing 400 reports, with each report occupying
56. locations of 2 bytes each.‘ All numerical parameters are stored as signed.

1nteger values (IBM FORTRAN: INTEGER*Z)a';The 56 locations are partitioned



according to Table 5.. The first 8 locations contain the report identification

data, followed by 12 levels of 4 values each. At present, there are two "types"
of reports - one for mass and moisture data and the other for wind data. -There-
fore, each observation report. is packed into. a mass and/or a wind‘report,'

'depending”on‘the information it contains.

‘Table 5. Report formats for OI analysis

22122‘ o B ‘Contents : Units x Packing Range
1 ' Latitude , (degrees +90)*10 0f18dd
2 Loﬁgitude (positive E) degrees * 10 - 6—36d0
3,4,5 Report name ' up to 6 alphanumeric

’ characters :
6 3 Last level with data : ﬂ‘~’ - 1j12
7 Observation time - | 'vhours;*v100 GMT
8 OI Report Eype lb; ‘ (Seé tafié 7)f1;

-Mass/Moisture Repot% F

9,13,...53 . Relative humidity (GOI) S % * 10 g _  1-1000
| or Specific humidity (ROI) g/kéuf 103 |

10,14,...54 Preséure (plus quality mark); mb f 10+IQ

11,15, ...55 Virtual temperatﬁfe . °C * 10 o

12,16, +..56 Height4standard heith N “mo* 10

-Wind Report-

9,13,...53 Missing . - - 32767

10,14, ...:54 Pressure (plus quality mark) mb * 10+ IQ
11,15, 4. .55 Zonal wind component ‘mS'j * 10

12,16,...56 - Meridional wind component ms—-1 * 10

1 For the GOI, mass/moisture reports are always in mandatory-level order,
starting with 1000 mb in level 1 and ending with 50 mb in level 12, with missing

levels indicated where necessary.



There is‘no order oi strﬁctufé'to'khe déta'at!this point. ‘Daté are
H prqcessed until 460 reports have.beén acCumulatgd ip‘the block; tﬁeg‘thé'block
tis Wfitten out. for the éﬁfpésebdf_biqcﬁing the reﬁgrts;_if aﬁ obServaﬁién
“has fewér‘tban 12'1e§els,‘the femaining iévéléfare codéd as miSsiné.H'fhe
‘aétual number,of data lgvels Wiil élways be providéa in the Gth posiﬁién of

thé.repbrt identifigationQ

Noté fromiTablé 5 fhat mdst:vaiues‘are>st6fed tolfhe ﬁeareSf tenthgnu
;Howeﬁeri;pressurejlevel of thé.ébservation is‘ﬁruncated~£§.the neapéét mb,‘

'1 ;hi¢hJi$ ndt crucialnto ﬁﬁe GOI, since it analjzes on isobaric éﬁifaces,“fhe:f
5£énthé.digit.§f thé pressure‘is occﬁpied, instéad, by an_integervquality-mark, '
Noﬁe £h$tl£hére 15751iowancq f§r only”one Quality mark pei level}'ﬁTherefbfé;
‘it ishiﬁéoSQible:to‘éuéply sépagété qualiﬁy-mérks‘for.méigturé;,température
w;;ﬁd heiéht;;.The oI intéger‘qﬁalitf marks areﬁlisfediinfTable 6 and the OI‘

reporﬁ types in Table 7a and 7b.

' Table 6. OI;Integér Quality Codes and ON 29/124 Equivaleﬁty

 61 déde: R " ‘: ON 29/124> ‘ ';,, v Meaning,
;0" o e . ifﬁ"u 1  v “ .Monitof'kééb‘
S l ' - ﬁA" o | ok Correct, passed checks; 1
20 S  ~:Ybiéﬁk L f L Pfobabiyvééfrect, not checked
3 : L :;‘;' ‘ ’"D""" : . . Suspect, passed with ioose
: i : limits

9 S n"‘w '“P";"BF,"F";"C" . Purged or failed~checks



”Tablé 7. oI Report Type Codes

A.

-Mass/Moisture Repbrts—_ 

 Code -

110

120;
;130
140
150

161 (171)

162 (172)

183 (173)

180

11

190 -

- -Wind Reports-

Code

220

221

230

231

232

240 (250)

241 (251)-

242 (252)

243 (253)

2701]

280

Déédrigtion

‘Uppéffair bogus

Radiosondes

Dropsondes reconnaissance aircraft

"Ciimatolbgy\(currenfly Not Used)

Satellite‘mdisture.bogus‘“

Cleatr retrievals, satellite 1.(2)

- Partly ciou&y‘retrievais, satellite 1 (2)

Cldudy'réfrievals, satellite 1 (2)

;Surface ships.and bﬁoyé
" Surface land reports:(ROI only)

. surface bogus reports

~Description
Réwihsondes
. _Pilot balloon winds

" Rircraft winds (AIREP/ACARS)

ASDAR (Aircraft to Satellite Data Relay) winds
qupwiﬁdsondes

Low=(high) level cloud drift winds ‘(US satellites)

'waf(high),leVel cloud drift winds (Indian Satellité5

’Low?(high) level cloud drift winds (Japanese satellite)

Low=(high) level cloudvdrift winds. (European satellite)

Constant level balloon winds

: Surface ship winds -



3.2 '_ Treatment of Remote“Temperature Soundings:

Prdfileé of teméérature réfrievals frbmrpéiér ;rbiting sétgliiﬁgs (types
161~163 and 171-173) are obtained.from Qniliné.daéé seté on‘fhe_fﬁéntféﬁd'which
are updated EOhtihuousiy by.tﬂe'gatiénai gpﬁirbnﬁehfailggtellife‘aqg Qata |

‘iﬁfbrmation §§rvice;(NESDIS)}- f;ofilesuof léYéf.meah Viftuaiutempe£aturé are
first converted to préfileé cf'géopétentiai £hickne$s. ‘The lower level used
in;each tﬁickness domputaﬁibn~is tﬁg 1ﬁ00fmb'leVe1, wﬁeré the Qéopotential’
héight'iSASeflto Zero. ‘The ﬁpper 1e§e1$‘ére‘the mandatory pressgfefle&eis
”erm.850 ﬁh:ough 50 ﬁb. The thicknes; valués‘afe storeawasxif_tﬁej were norma1> 
‘ ﬁéiéﬁt ﬁalues‘rePOrted at the’pféséuré of éhe upper level. Noﬁmgistﬁre retrieval

.information is used at this time.

. Prior to conveiéion‘and inéiusion.in fhe»output datévset,'rétrievais
éte checked against seveial»criteria.' Obéérvations must be within +/-3 hours
of the analysis time aﬁd'must have a éero élevation; £hﬁs only"oceaﬁic fetrievals
are used, Ih addiﬁion;icloﬁdy‘reﬁriévals, which use ﬁicroane channels only,
are>ﬁot used.in the tropiés 5gtween 20°N ana 20°s létitude.' There are'two
sourcéé,gf‘qﬁality‘informaﬁion~which‘are examined to see if a retrieval should
be exclﬁded. The_first'is’an inﬁernai‘marker (providéd by NESDIS with most
retrievals)thich‘iﬁdiéates wheﬁher tﬁe ?etrieval-has beén chécked and, if so,
Whethér'it shoula;be‘keptuqr tossed. fhe second is a partial set of hold/purge
-flagS.sét'by the monitorhdAring manuéi quélity control.‘;If either of these sOurcés
provide é purge flag, thé‘repért-is excluded. If the manual flag indicates a
: hold,‘ﬁhen the retrievélfsibi quality‘mafk is set,tb a 1; otherwise, if defaﬁits

to a 2.



3.3 Moisture Bogus- Profiles

NESﬁIS alsé provides NMC‘withré.set of mdi%ture:bdguéndéﬁa fwiée a day
(0000 GMT and 1200 GMT). From 400-500 oceanic pointé éfg pfoﬁided é@véring thé_
eastern Pacific, Gulf of Mexico, #nd western Atlantic at a resolution of aboutl
250 km. Atveach-point, a code figure (1f13 in Category 8) is provided which
corresponds to a characteristic profile_of.relative‘humidity, RH. ’The preprocessbr
conﬁerts‘ﬁhis code into values of RH at 6 pressure levels. The data values

prescribed'are listed in Table. 8.

Table 8. Code —.Rélative humidity (%) equivalents for moisture bogus.

Code 1 2 3 4 5 6 7 8 92 10 11 12 13
(mb) T L
300 75 55 53 34 - 10 10 10 10 70 10 10 70 70
400 85 74 67 a4 50 10 10. 10 70 10 20 70 70
500 9 83 67 - 54 85 20 25 15 25 10 85 32 85
700 95 87 76 62 50 79 50 25 15 10 90 25 25
850 98 93 86 70 39 . 92 89 65 60 35 92 89 50
1000 . 95 90 .80 72 68 84 76 73 69 45 90 76 68
3.4 PreliminaryrData Checking

Data checking and quéiity control are nof a major function of the data
pre-processor; however} some validation and‘checking are‘pérformed. For
example, if any of tﬁg followihg are encountered for'any type'of‘repdrt, the
repért is skipped and'ﬁot inciudéd,in'the outpﬁf data file:

6 latitude missing"or out of range ~90° to +90°

6 ‘1ongitude missingror‘éut of rangé 0°:to 360°

o observation time missing 

o ‘observation time more than 3 houré éff—time

o observation type missing.



. Individual levels or specific parameters are excluded or coded as missing'if:

'Hohnthe gquality merk-indicates:a’“bad" value
’.'wrto‘/the’qnelity mark'indicetes’a‘monitOr‘ﬁurge

4’o‘.the,re1evant level Zi.P-or Za‘is missing_f‘

‘.5 for Tdd,-if the temperature‘iscmiesiné orV“badﬁ.

o for wind, if either DD or FF. is missing or "bad".

- Al1l surface land reports are excluded in the GOI. This is required to

reduce the volume of data and running time of the system; but would not be

: required if a “superiob"Mtechniéue‘conld be incorporated for the dense surface

land network;‘as.is being_developed for the ROTI.

Some‘data types can be excluded en‘mass'by;eettingvcertain external
inPUt switches.-zTheseiinclude upper-airtbogns (not-used in the GDAS or the

ROI) and Satellite,temperature soundings. Satellite soundings can be omitted

by specifying satellite number, location, preesure 1eve1vand/or retrieval

type. It is via this mechanism ‘that retrievals over land and tropical microwave

retrievals are excluded. -

3.5  Units Conversion and,OtheriAdjustments

‘”Aszcan‘be seen b?”comparing«Tables 2 and 5, some of the data in each

_report must be’ converted into the proper form or units for the oI analy51s.‘

The latitude is converted from the range‘—90° to +90° (p051tlve north) to the

range 0 180. The_longltude is converted from degrees west’to degrees east 0f
the Greenwich Meridian in the range:0f360°rt Winds are conVertedrfrom,direCtion"

'eand'speed-in knots;to éonal and méridional-componente'in ms"1f“ DeW—pdint“

depre551ons are converted to: relatlve humldlty (GOI) or spec1flc humldlty

v.e,(ROI), but only up to 250 mb and only if the dew—p01nt temperature 1s greater



" than or equal to 215°K. Temperatures are converted, to virtual temperatures.

using the moisture information, although the GOI does not use them.

The following expressions are used for 'moisture-related conversions:

vapor pressure:

ES%6;1675*EXP((17;269?T)/(T+237.3)),vwhere T=temperature °¢
E=6;1o7é*ExP((17.269*TD)/(TD+237}3)),-where TD=T-Tdd=dew point
specifié.humidity_ | -
qs=0.622fES/(P—.37§*ES), where P=pres§ure in mb
:q?0;622*E/(P—.378*E) |
relative humidity |
_RH=q/qs*100
virtuai temperature

Tv=T*(1.0+0.61*q)

" Upper—air heights are ‘stored as "D-values” by subtractinga reference .
height for the pressure level in question (see Table 4). Aircraft pressure

altitudes are converted to pressures using the, following (FORTRAN)_functions;‘

PRH(Z) = 226.3*EXP(1.576106E-4*(11000.~2)), where Z>11000 meters, or

| PR(Z)

1013.5%((288.~.0065*Z) /288.) ¥*5.256, where Z<11000 meters

The létter‘expressicﬁ returns thevstandard atmOsphere pressure for‘a'given

" height and ié used for'ﬁhé”occééionai'1ow—le§ei airéfaft report; 'satellite .
‘cloud—drift winds .are ‘reported iﬁ the same format as»aircraft winds (category
- 6, seé’Tabie 2), but their valid preésure, if available, is coded—in,Caﬁegory B;V
If the pressure ié ﬁot available,'tﬁe pféssufe altitude iéiconverted as
described above.‘ Temperatﬁré ihformatioﬁ from either aircraft or satellite .

cloud-drift winds is not used.



Surface wind data over the oceans are corrected for the effects of
. friction invan atﬁempt'to get an equivalentAgeostrophic value. This pro- -
cedure is based on the marine boundary-layer model of Cardone (1964) and

Druyan (1972). The reported direction, DD, and speed, FF; are adjusted as

follows:
 FFADJT = 1.91#FF-5.97
DELDD = 26.:5-17.3*FF/FFADJ+.04* (ABS(YLAT)-35.), where YLAT is station
: latitpde, pod o ' -
= DD+DELDD*SIGN(1.0,YLAT)

DDADJ

If the new speed)'FFADJ;‘is‘léssbﬁhan‘or equal to zero; the wind is'replaqed
- by é‘calm wind.v‘surfaCe wind détavfrom land stations are not used because
-a reliable conversion sChemQ‘is'hot_aQailable.' They would beiof low‘utility
in any e&ent, because égrface wind:is not an‘analysié Variable.' The special
effort to get oceahicbwinas’ié‘justified by the lacﬁ pf data over the
“oceans;jaﬁd the facﬁ‘that winds aié very ugeful in extending the influence

of height data via the multivariate nature of OI analyses.-

Valueé of‘séa—lévei préssﬁre-are:output in place of the height D-
values for all ffpes€of:surf;¢é data. They aie ?acked»in this location té
fhe nearest tenth of mb, énd £rﬁhcatéd to‘the;néa#est whole mblin thé‘
nofmal locatiog»foripressure;‘ Thése‘Vaiues wiil iater be qon#ertéd to 
1000 mb heights.  If‘the‘statioﬁ preséure is-repotﬁea insfead of sea—level:_
Preésure, and the stétiontelevafibn'ié ieés £ﬂan‘7.5:ﬁ; iﬁlis use§ as if;‘:
it were the sea4levelrpreSSur§. ‘For Ehe Goi; tﬁé defaui£ qﬁélity~ma¥k}is 2
fér all>surface reports, e#cept‘for Northern.Hémisphére surface bogﬁs, thch

receives a value of 1.



Rawinsgnde heights and temperatﬁres at mandatory levels f£om’100 ﬁb
and above are corrected for the effecés of ‘shortwave solar radiation. At
present, only the following instrument types. are correéted for their déy—
light ascents:- ﬁSA-external thermistor, USA military AN/AMT-4 externai‘
therﬁistor, Fiﬁnish Vaisala, Jdapanese code—éending; East German Freiberg,
United Kingdom Kew and USSR A—22. The corréctions of McI@turff and Finger
(1968) are tabulatéd by pressﬁre le§e1 and solar elevation angle, whiéh is
computea fr6m the day and time of;the balloon ascent. A‘longwavé correction
is applied t§ ali instrumenﬁs at the 10 mb level. The root-mean-square
(RMS) corrections,gre not larée, rarely exceéding 60 m. The tabulated
values are in need of revisioh, since they are based on values which have

since been updated and expanded by McInturff et al. (1979}).

The storage 6f réwinsonde data»is now;straightvfofWard. Mandafory
level dafa for mass and moisturé are extfééted from Category 1 (see Tabie
2);'with missing or rejected data stored as missing. Wind data are extracted
in a similar fashion,'except tﬁatvthe‘number ofvmissing levels‘are counted.
When wind data frqm Categofy 1 are exhdusted, the numbér of levels required"
to comélete the report with 12 leveiS'ofldafa areIEXtrééﬁea’from the re-
maining categories in the followiﬁg'order. The tropqpauseulevel (Cafegory
5) wind data are considered firét, and if they are nop:already present’ih 
the mandatory-level data, they are included. ‘If £¢om st;ll fémains, then
significant-level winds-by-pressure or winds-by-height, whiéhever are'mofe
plentiful) are used to fill the remaining levels; The éurfaéé-levél wind
is not:ipcluded, however, as it is‘qontaminated by noﬁreprésentative effects.
Finally, before the cémbination of winds is.added to tﬁé ouﬁpuf bloék,$£ﬁé‘

levels of data are arranged in order of decreasing pressure.



4. . CALCULATION AND. QUALITY CONTROL OF FORECAST ERRORS

4. Forecast Error Calculation

1uThevobservétiona1 da£é set created‘by the data preProéeséor is"transferred;.
:yfo the-CYﬁEﬁ éOS; where i£ is prbcésséd int6 a fileinamed:“FERRf‘KWhich'éfands;‘
: for ‘Eoreca.st‘ ;‘Eﬁor)‘. Fj.rst, the déta Blocks are read in an_d  qén&e:rtga into:’ =
(‘ITCXEER,ZbSﬁformat} kThevfepoxts‘are thén'stbredvih a large con;igﬁbus aata;
 bﬁffer, with‘thé_missingblevels‘no‘iongef included. . This is tﬂevmas£é£vda£a
bﬁfféx} ﬁéxt, ﬁhe‘first éuessvfields of height, temperature,‘reigtive humidity:
and wind aré'readiih.;.These'vélues,aré loéétedkat thé intersectibns éfba_2.5°
latituae—léﬁgiﬁﬁde?gfia and,funde? normal circumétaﬁces;‘have been provided by
a‘6—hourlf5repast‘fr6m the GDAS,‘ Thérefore; they héve been ééét—processed from

the 12—layér'sigma;domain,of,the model td>the 12_mandatory-pressure‘Surfaces.

- "The obéeryatiQnsAare‘how proceéééd‘into‘72 strips coveriﬁg 2,5°‘1ati-

' tudeveaqh,'starting at the south ?ol¢<and extending to'tﬁefnorth pole. The
,data_iﬁ éach étriplare ordéred by increésing longitude from Greenwich eastwérd.
The format for each strip is the same*asbthat for'the‘blocgs of ihput aata,

“i.e., 400 reports per strip with 56 values per”feport.

Observations‘of seé—level pressure are processed as:folloWS.i”First,;the
‘tempéréﬁﬁré_and heighfif;eidsffrqm the.firét gﬁess”at 1000 mb are interﬁélatéa
‘ horizonfally‘ﬁgzthe‘réboff‘locatioh.‘ Thesé vaiueé'are used‘to‘compute a first
,guess sea-i§vel‘ptgsSurevPOG =j1Q00;¥EXP(g*z1000/(R;ii000))) Whgre g =.9.8 msf2
‘andvR=287.05m2s*2K;13 kNexﬁ,‘the .observation"P0 and firé£ guess Pog'aré_differf
enééd,}and the ?teééu?e fesidual cbnverted’to a 1060 mp:height‘residua1: 

o R*T1000 . R LA
RESZ = * RESP, where RESP = Py = POG"‘

g*1013.5



For‘other‘types‘ofbdata,'reéiduals érercalculated-as follows.  For each
‘ value in:eachbreéortkof‘eaCh strip,‘a value of the first guess at that location
‘is generated by‘interéolation. The 6bservgd’;esidual is formed by subtracting
thé first guess: from the observed vaiﬁe.‘vThe observed’values afe then replaced

by the résidual values.

4.2 °  Gross Error Check

fi ",P;io;‘f;>£he‘anély§ié;ithe'fesiduél§ éré subjecfed to several quality
:COntrol steps, gThé’first iéﬁdééiéne§ to eliminate meteorologically unreasonable
'ﬁ.reéorts,‘apd:is ofteﬁ~gaileéighé_fgfoss-error check". I£ compares. the magnitude
of:ea§£ fesidual,Wi£Hfa‘fogécastfetror stanaard deviaﬁion 0 computed from a
lbng se¥iesfoﬁica$eé;?”fhese’hav¢ been-coméiled at all mandatory levels, for
5y1aﬁitpde°ﬁaﬁdé; and are ;isfgd:in Tablg 2. Thé degree'of tolerance allowed
:};fé# éﬁjupper;air ;eéiduai to,§és§f;£é gross‘check depends dn'tbe OI guality
mafk‘of the obéérvétion;‘ (These-limiﬁs are given in Table 10.) Note that highér
guality obsérvations aré‘ailowgdké greater toierance‘tﬁaﬁ thosé of poorerk
‘  quality. Also, observations ﬁanuallf‘flaggeéprr retention énd‘given a guality
mark‘df 0. are not checked at ail, énd arevinclﬁded unconditionally. Otherwise,
for the wind, each compdnent ié chécked individually, and if either one fails,
they aré both tossed by setting the residuals'to_ﬁissing. . For the mass observa-
‘£ioné;<each data type is éonsidered independgntly, and is set‘to missing (tosSed)

JAf it fails:the_check._

Those residuals which survive the gross'check are then compared to another
more. stringent tolerance level (See Table 10} to see if;they‘should be flagged
as questionably "large" residuals. This designation is used in the internal

consistency check and is effebted}by siﬁply adding 4 to the eXisting quélity mark.



.- 'FORECAST ERRO

TABLE 9

R STANDARD DEVIATIONS

G-VALUES
- Latitude - 905-108 iosaiontrr * ”Aloufsom ~ 30N-50N 50N-90N = 90S-90N
. Pressure (mb) oz u v z u v z u v z u v z u v T—(°K)l"
' ’ - (m) (m-vsec"l_) N ‘ PR e
1000 1L25.4 .4.2] 451 147 3.5 3.3 ..19.4_,4;1 3.9 10.7 4.6 4.9 21.6 4.4 4.3 450
850 25.4 3.9 3.7 15.5 3.2 2.8 16.7 4.7 3.4 °ci8.e 4.1 4.3 19.4 3.6 3.6 4.0
700 26.8 4.2 4.1  19;3‘ 3.6 3.3 18.7 4.1 3.6 19.7 4.2 3.8 i120.8; 3.6 3.6 4.0
500 33.5 4.8 74.6A 25.4 4.3 3.5 25.6 4.8 -4,2 3343 4.8 4.6 388 A ek 4.0
400 39.2 5.5 5.7 29.6 4.1 4.0 32.4 5.3 4.9 27.2 5.6 5.3 20.9 5.3 5.0 4.0
300 47.0 6.6 6.8 40.1 5.8 5.3 42.3 6.5 6.1 '34.1 7.1 6.4 36.5 5.7 5.5 4.0
250 50.6 9.5 7.3 49.4 5.8 5.2 47.3 7.3 6.9 37.4 6.6 6.6 39.2 5.4‘ 5.3 4.0
200 53.5 7.3 7.0 55.3 7.8 5.8 56.3 7.6 7.6 41.6 6.7 6.2  42.0 4.4 4.3 4.0
150 57.3 6.5 6.7 61.4 8.2 5.7 67.4 7.3 7.1 46.7 5.9 4.9 8.3 3.7 3.7 4.0
100 69.8 7.0 6.4 78.0 8.8 7.1 80.1 7.7 6.2 55.2 5.1 4.1 59.4 3.7 3.6 4.0
70 77.7 6.6 5.5 93.2 7.7 4.8 100.0 5.7 5.3 64.2 7.1 4.9 71.8 5.5 5.1 4.0
50 90.1 8.3 8.0 108.0 9.9 8.3 101.0 8.6 78.3 8.2 6.7 88.1 7.6 7.4 4.0




Table 10. Limits used in Gross Error Check

‘Data Quality o GOI TLimits ROI Limits

Type ~ Mark ~ Toss if> FLAG if> - TOSS if> FLAG if>

Upper-air

z, T, U, V. 1. 70 30 5.50 -~ 2.50
2 5¢ 30 4,50 2.50
3 40 30 3.50 2.50

Surface

U, v 1 o 50 20 " 3.00 1.50

Surface

Z, T 2 40 20 3.00 1.50

.VPrior fo writing out éach strip of residualSy’each report is qhécked
for‘ﬁissing data. if relevént information at all feportedylevels has Béen
tossed aﬁd/or is missing,ithe‘report is §kipped5‘ Checks ére}also made at this
time for dup;icate feports. If fhe‘report identificatién (tﬁe first 8 vaiues
of TabiépS) for two reporté is‘the‘séme,‘the secoqd‘occurrence of the‘report
is‘skipbedvas a dupli¢ate, Oﬁce this tﬁinping is-cdmpleted, the strip of

residuals:is written out. for later use in the ahaljsis.

5. ' HORIZONTAI, CONSISTENCY CHECK

Priér‘to actuaily performing any analyses, the residuals are chécked
‘.for hbrizontal consistency. This>is échievedvby chegking eéch‘residual against
~ dits ﬁeighbors; heﬁée the termj"buday check". ‘The check is univariaté, in tha£
values are checked only against,neighbors‘of like type (z, u or v); ana it is
more ér less twdfdimensiqnal, since the residﬁals are gfoupéd'into vertical

layers by preséure.



First, all of the strips of_residuals_are read sequentially into a large
data array. = The starting éddresses of each 2.5° strip, and of each residual are
also saved. Next,bﬁe define another latitude-longitude grid which is used
for buddy-checking the data. It is an‘“equal—area" grid, where points are
evenly spaced'in latitude every 5°, but the‘separation in longitude v§ries
with lafitude such ﬁhat the eastwest spacin§ in-physical distance is conserved.
Thus,'the nunmber éf points around a latitude circle decreases_as one mdves
from.tﬂe equator to the poles. This grid is used to definé reference points

about which data will be collected and checked.

..”At each réference point, all :esiduals within 7.5°’latitude and within
aﬁ éduiﬁélent distancé in longitude are collected. Thus, data from six strips,
ﬁhreé'oﬁ eithervgide of thé‘féﬁerence point, will be'selected;’data from each
strip ﬁiii'épéﬁ at“lgést 15¢° (&1558 kﬁ). Since the reference q:id points
are‘5°iaﬁgi£ apa the éqllection radius is 7.5°, all data on the globe will be
'éonéiaéred at igast onéé.‘ We also define an internal area with a smaller
radius,zﬁhich covers’the whéie globe but miniﬁizes the areas of 6verlap (see

Fig. 1, and later discussion). .

All the data collected are vertically sorted into groﬁps of common data
type (Z, u, or v) for each of the 12'mandatory—pres$ure levels. Off-level
data such as significant-level winds or aircraft winds are included with like

“'data at the nearest pressure level.

Each gfoup with at least 3 residuals isvsubjected to the checking pro-
cedure discussed below. ' If there‘are'only one ér two residuals in a group, a
. check is‘made for a questionably large residual. Recall that those were flagged
as part of the gross—err@r check, and are indicatéd byvthe quality mark. If
either one or both of the residuals is flagged as such, the suspect value is

removed from further consideration by either the buddy check or the analysis.
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Fig. 1. Relationship of 2%° storage grid (points), -buddy check 5° reference
grid (+), internal area for eliminating data (circle) and collection
area for data influencing the screening (square).
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Fig. 2. Schematic representation of screening criteria (see text).



Forfgroupsrwith three‘orvmore‘residuals, the forecast—-error correlation

‘(FEC)-is coﬁputed as-a function of.separatiohfdistanoe for each pair of values
in the group. The horizontalhfunotion for the ZZ correlatioh has the:Gaussian

aform‘FEC=E2P(—Kd2), where- 4 is‘the separation distanee in km‘ahd K=2.E‘§;

S km2 The autocorrelation functions for wind (UU and VV) are computed geostro-
; phically from the height—height (ZZ) correlation (Bergman, 1979) Next, each

: palr of re51duals is compared and the magnitude of the difference is normalized

~by the appropriate standard deViation of the forecast error from: Table 9. This

‘. vThls normalized difference, |R1 2| in Fig. 2, 1s compared to a limiting

U RN
value, DFMAX (3 5-2. 5*FEC) If the dlfference.exceeds the'limiting value,

" then .purge"'flags are set: otherwise, "hold" flags are set. If.the;difference

is equal to the limiting value, no flags'arefset.

"L‘Fig;-zvisia,schematic representation of‘this process. When two residuals.
are far_apart, their correlation Fﬁc'is small,‘but the limiting value DFMAX is
'iarge,. When tWo‘residuals are close together, on the other hand,jFEC is iarge,
DFMAX is small, ahd the,reSidﬁals are expectedbto agree, at 1eastrto within

-one standard deviation.

' The setting of flags depends on the quality marks of the reSiduals.

Recall from.Table 6 that lower values imply better quallty. ‘If the quality
'ﬂmarks are the same, then both res1duals receive either a purge flag or hold
fiag. For settihg purge'flags,/the residual with‘the larger quality mark (the
more questibnahle oh) receives the purge flag ahd the residual with the -smaller
quality mark reoeives:ho flag., Correspondingly,»when setting hold flags, the
residual‘with the‘smaller Quality mark (the.better ob) receives the hold flag.
A1l hoid flags’and purge flags are‘storedfseparately, corresponding to-the"

appropriate pair of residuals.



: Thé‘toﬁal numbei pf‘hold_Aﬁd.purgerflégs accumulated'by a residual détéf;"
‘3 mines;whé;her or not the fébort.is*eliminated*from.further»consideratibn.',Anyﬁ
'fvalug whi;h recei&estz or more hold flags is automatically retaiﬁed.’ Any
;;residﬁal Which.has beéﬁ'flagged as queétibnéb;yylarge‘and does not have at -
»least'z‘héld flags is femoved.fiThe finaivstep is to;eliminate residual;rwith‘
tﬁb or7more,pﬁr§e flags by seffing'thé residual‘to.missing;' Only residﬁal§‘ 
within the ihtérnal‘area} defined by the 0.8 value of‘tﬁe ZZ forecast error
corfelatioﬁ, are actually rejected; Althoﬁgh déta from the entire colléctioh
‘area contribute‘to and‘reéeivé‘flags, the dafa outside of the‘infernal area.
are not checked at this reference point for eliminétién.‘ Ail data féll within

the internal area of at least one reference point.

;:Elimination of data proceeds in_ﬁhe foiiowing manner. The intefnal group
of residﬁals is checked‘for'the Valué with the largesf numbér of purée flégs.v
If this totai is twévox more, thié residual is set ﬁo missing and all‘flags‘

" which this residual‘set‘on other data Afe-remoyed; Thus, the rémova1 of an
observation will geﬁerally result.in fewer flags oﬁ the remaining bbservatioﬁs.r
in the gréup. Next, ﬁhe reﬁaining>observations are‘searqhed again for the
oﬁe‘with the gréatest number of burge‘flags. fhe process}is repeatéé until
there are no residnals.reﬁaining WithAﬁwo ér morérpurge flags. bne should

note; in‘éoncluéion; thaﬁiif a wipd component ié‘eiiminatéd;‘iﬁs‘othér component
is as well. if, of qourse; the Vjcémpbnent weré rejectéd, it would be impossible
at this pointﬂto eliminate any negativé influénce its;corresbonding u;compdnent
might have had. It is;alsé cleaf_that this entire pfoceSs wilifnof héndle tﬁe
case where thefe are three or more rogue residuals whichkcorroboraéé one

another. Each would have at least two hold flags‘and~none'would.be‘eliminated.



The generallphildsophy of thé’buddy’chéck, we feel, is rather iiberal in
.that 6nly two corroborations are requifed to‘retain an_oBServation;- On the
. other hand, isolated observations with large residﬁgls aré déalt’with moét
conéervatively; They are simply eliminated. Thisvdemonstrétes our lack of
”..knowledge on hbw to adequately'incoxporate,fﬁese outliérs‘when théy devigté so
much from the first gquess field;‘kOur rationale for deleﬁing such.obéervaﬁidns
is based on the knowledge that such_obserVations can cause severe proﬁlems in’

the forecast.

In practice for £he éOI, the‘buddy check'is done in two separate steps.
During the first pass throﬁgh.the data} all‘reméte SOﬁnding‘data are excluded
' fromfcoﬁsideréﬁién;_siﬂce thej are, at this poinﬁ,‘anchOred’to the first guess
1Q00'mb heightf“ Oniy:the wind daté and the 1090 mb heighf data,aré checked at
‘ this time; Thén thé‘1Q00 mb analyées of height. and wind afe‘performed, using
aiﬁhe:bﬁddy—checkedldafé; Once tﬁe peight cofrections to the firét guess fiéld'
 -éfé:a§ailabi¢-erm ﬁhe apained foob mb heightffield, it'is possible té-correct
‘fﬁhe:reﬁotevséﬁﬁdiﬁgirésidﬁals{g Thé_analyzed cérrection is,first intérpolated
‘fé the‘ldéafidg 6f'é§ch fémoté%éoﬁnding, and is theﬁ added tO‘each>height
résidﬁa;‘iﬁ thenpféfgle:t,At ﬁhis,péint, all ‘of the 850 mb to 50 mb height
:éqta*aré‘buddy checkea;;’Thé féﬁaiﬁ&ef of tﬁe upper levels are then analyzed

using the ccmplete\déta base.

The average number -of residuals rejected in both the gross error check
and the buddy check for a 25-day period in the spring of 1983 is given in

Table 11.



Table 11. Average number of residuals tossed by Gross Error check and
buddy-check. May 27, 1983 through June 20, 1983.

0000 GMT 0600 GMT
DATA ‘ TOTAL* GRdSS : BUDDY TOTAL* GROSS BUDDY
TYPE o ) REPORTS CHECK CHECK REPQRTS CHECK CHECK
MASS DATA |
RaWinéondes ' 837 -6 6 - 51  ;0_ 0o
 NOAA-6 - - 7 B T et
Clear 177 o - 121 0 o -
'Partly Clt;udy ' : : 311 ‘ | 4 : - : 155, L 0 R
clowdy 258 16 - . 46 0. =
NOAA=7 - N R | . - - 12
Clear : s 290 2 - 214 »iy S ,:' -
Partly Cloudy 181 10 - 373’ _": 0 -
Cloudy 329 , 18 - 344 21 .
Ships o 827 24 12 | 689 20 8
BOGUS '
Pressure 466 6 | 22 205 2 3
Moistﬁre o a1 0 0 | 0 0 0
WIND DATA : |
Rawinsonde = 873 23 160 . 56 2 10
Aircraft
étandérd ‘ 702 8 20 673 10 14
ASDAR 21 0 0 42 0 0
Satellite winds
Low-level 631 2 - 0 0 0
High-level 561 5 - 0 0 0
Ships ' 787 17 s 645 12 45

* A sounding (up to 12 levels) is considered a single report in this total.



6. DIFFERENCES BETWEEN. GOI AND ROI DATA HANDLING .

. The neﬁcROI‘analysis is’very similar in some ways to the GOI, eSpeéiaLiy
in ﬁérms of the fundamental ﬁedhaniésléf'an OI analysis. The primary difference
is in the doﬁain’gf'the analysis and the data}uSed. The GOI is globél;»aﬂalyses 
of Z, u énd v are generated,qn an eqﬁal¥area Kﬁrihara-type gria On‘12‘mandétory,

“levels, with Cnly a féﬁ seiécteé.siénificént+l§Vel'windé used; The ROI ié1
hemisphéfiﬁ; aﬂélyseélﬁf z, ﬁ‘éhd % are qeﬁeréfedion a 2° longifudé by 1.5;
-‘latitudejg:idvﬁﬁi;h is‘fhinned ina ﬁéy that‘is not important'to this diséﬁSsidh.
The ﬁérticalrstructu;g‘is definéd in tefmé oﬁ the gigmé st¥ucturé 6f'thé n§§téé;'
g#id model (Néﬂ); thcﬁ ha§’16 lgyeré - the first twelve of which are below
256 mb .and require mbiétﬁte anéiYées.‘ Sincé‘this‘strétifiéation‘is muéhlfihér;;.
in thé 10wef‘£ro§§$phere than tﬁe'GOI, signiﬁicant—leQel mass, ﬁéisturé’and

wiﬁd,data are‘used_throughout.

“f:Thévgeneration of tﬁe.inpuﬁ déta sets-of Tablé 1 is ideﬁficél for'éhen'
GbI andithe]Rbi; Thgvbnly différenée is the actualltime of daﬁ whegfthé %nalyéis‘
‘suiﬁgsrare rqﬁ.t:ThevROI‘¥ﬁﬁ§ of£ the data availabie,aﬁ HH+2:15, thevopérétionéi‘
VVGOI at éboﬁttHH;3:40,'éhd‘£hé GDAS at ébout HH#B:bQ, where HH is the main
;synqpﬁic time Af 00 or j2 Gﬁi.”Siﬁée therevwillibé less data received at the
earlier datg éut;qffttiﬁe, there'is-less daté'éﬁailable tb thé ROI than.ther
‘GQi;v Recéipt tiﬁes férfthe’cfiﬁital:areas of the ROI we?e'examined with respeét
to thg availability of sigﬁificaﬁt}ievélfdata;lébout 70-80% have uéually arriﬁed;‘ 

by HH+2:15.

.'The‘data preprocessor for the Roi‘hasvthe additional reqﬁirement‘of
processing‘éll of the.SignifiCantfleVei data#ffom rawinsonde reports. All
ﬁpper—lével_data (categories 195;_Table 2),”ére processed as follows. The

mandatory-level data throﬁgh”10vmb\ére“extraéted_ana'merged with the significant



Llevel temperature data through 100 mb (category 2) and the tropopause data
(category 5). Geopotentlal heights are generated at the. 51gn1f1cant levels

hy hydrostatic integration between the reported aandatory levels. The integration
uses the virtual temperatures.determined from the‘dew—point_depression data.

The OI quality mark (Table 6? for the computed‘height is set according to the
greater of the three‘values used in the calculation —fthe height and'temperature
below and the temperature at the level in question.  In addition, there is an
integration performedffor each layer/with a valid mandatory-level height above
the last significant level,‘.This integrated height is compared to the reported
height‘at the mandatory level. If the magnitude of the difference is greater
than (3.5-P/50.), where P is the mandatory level pressure in mb, then a problem
is assumed to exist.with‘the'reported temperatures in this layer.' In the case
of such a failure, all computed heights and significant—leyel temperatures,
down‘to‘the lastimandatory leveliare giyen a guality mark of 9. This will

-preyent them from being considered any further.

- The next step is to merge the winds-by-pressure (category 3) with the

: existing profile._‘Duplicate pressure 1eyels‘are deleted,,provided all data

are complete. -Temperatures are generated'at:these wind‘levels,by'linear inter-'
'polation with’respect to the logarithm'of pressure; and heights are computed
by:integration. Similarly, winds-by—height (category 4) are merged with the
‘existingtprofile, in their proper place, by reported height.d~For wind profiles
without category 1 or 2 mass data (PIBAL winds), a standard atmosphere variation'
’of helght temperature and pressure is assuwed. These winds receive guality‘»

. marks of 3 -and their standard atwosphere‘values of height and.temperaturefare
flagged w1th g! svto ensure they will not be. considered by the analys1s. For
complete profiles with reported mass. data, a pressure is generated at the
reported'heightvlevel by assuming a quadratic variation of height with respect

to the'logarithm of pressure. Finally, temperatures are interpolated as before.



At this édint, every leve1 iﬁvthe~ful1y mefged‘profile‘has a height,
temperature;and:preSSure, kThe finai stép isvto,comp;ete the moisture and wind
information at each level;r Thﬁse ;évelé With.missipg'dew points or winds have.
values compﬁted;by lineér inte;polation with reépect;to,the logarithm of:pressure,
provided there afe bracketiﬁg levelé with reported information. Several infer—
'7p§1ated 1évels can be generated frpm é sinéletPair»of reported‘vélues.. As
f“before, the OI‘Quality mark is set to the lé;gést value (mést questibnéble).>

of those being used to generate the interpolated value.

In practice, this procedﬁre of mergingAthebvaiiouS'categories of rawin-
spﬁde information is also used to éénerate a complete set of values at xegﬁlar
preésure levels every 25 mb. Thié is achievéd by‘adding the desired-pressure
Jlevels fo the list ofvwiﬁds4by-pressure. Prodessing of tehpeiatures and heights
"is performed és‘des¢ribed above, even though there are nb winds at‘these adéed
“levels. All‘thé infofmation COnCérningihe'temperaturérstigcture is availéblev
from: the catégory 1 and 2 datéf s0 the reégitipg values areltruly representétivé.
Winds and.moisturgldatg are.genefatéd in‘the final step, again, when ali feported

.data have beén proceésed.

 :Th? mefééd sbﬁnding; Wifh all lgvelstcémplete, is packéd into the format
-of fablé 5. ‘Siﬂcé the“forma£‘a11bws only 12 levelé of informati6n, the full
'p;ofile is'wiitﬁen:oﬁﬁ“ih seé@éﬁﬁé;ﬁwith‘up‘to i2_level§ per segment., Each
‘segm;nfﬁ£ésrphe‘tofal;ﬁﬁmber_of lev;is éoded;iﬁ the.éixth parameter of the
Z?ééqrtfidéﬁfific§tioﬁ.‘ Thiéuéiidﬁs mergeé érdfilés.to be uniquely identifiabie.’
’vEééh gﬁéqesgiﬁe}Segméntnhéé'uni€§laddéd,t§.itsftime of‘reprt in the seventh
pafame£é¥y~7Tﬁi§ keeés.éheféeﬁér;téEéieées frdﬁ‘beiné tossed as duplicates.
tﬁwhén repérfs‘are groupéaiintoybid&ksifa‘check”is made to‘ihsure that the éegménts

of a.mergédﬁfépqtt,AbOth'mass'aﬁd‘wind, will fit into the current block and



not spill over. into the next block.: If spillover wbuldVOCcurq_the:current,'
block is simply written out with fewer than the maximum of 400 reports and a

. new block is started with the merged report;

When the aata’blocksvare‘processed_on the CYBER 205 (by the FEﬁﬁ.fiie
generating‘code), a special check is made for the’merged profilés.  fhe>§éparate
piecéskof‘the‘profilekreport are re-merged and the‘data to be ﬁséa‘by:the‘ROI
is extracted.k The ROI can use data at any location and pressure - unlike the
GOI which assumes the data are in mandatory-level order. Therefofej‘allzlevéls
‘of the complete merged‘profil¢ ¢qﬁ1d’be used. HoWevér,’the distribution and
number of levels available variesvgréatly from one repoxt to another. This
variation makes it difficult to preaict exactly what data might be»pickéd
during the data selection pfocedure. Also, the large volume of data requires
more time to process. Therefore, the ROI pées only the data profile that wés
genefated in the preprocéssor on fixed pressure levels every 25 mb.  This
amounts to up to 36 pieces of informétion-(up to 20 mb) which afe extracted
from the reconstructed profilé. These‘aré made available in three segments of

12 levels each for both the mass and wind reports from a single rawinsonde.

The first guess uéed by the ROI is the same 6-hour forecaét from tﬁe
GDAS, except that it is not on preésure_surfaces or the 2.5° 1atitude-longitude‘
» grid. Instead, the 12-level forecast in spectral coefficient form has been
- converted ﬁo a 16—iéve1 representétion on the full 2° longitude by 1.5° lati£ude
ROI analysis grid. During this convefsion, thé terfain for the high resplution
NGM is incorporated into thé firsﬁ-guéss fields through an adjustment of the
éurface pressure. Residuals are computed as for" the GOI; except that Veiticél
interpolation is requiréd'for nearly alllbf thé datg.' Temperature, moisture

and wind are-interpolated linearly with respeét to the logatithm of pressﬁre;



"While‘heights asSume.a_guadfatic;variation.' Limits used in the gross error

- check are listed for the ROI in Table 10.

Whé;egthﬁé'G§f u§ilizes‘on1§ surface‘rep§r£s‘df ééé—lé?él préssure{,éon—j
vertéd tb-iobo mb héightxfeéidqaié;‘ﬁhé Roi analyéis'USes more §£ the éurfacé>
repotfﬁand in é diéfgfenﬁimaﬁnef.:yﬁackﬁraékihg_té the data preérocéésor; the
réported éﬁrfépé(teﬁperaturé,‘moistuie and elevation (considered.the height
obseiVaﬁién)‘afé iﬁ¢1ﬁdedL(1)vifithe‘statigh pfessuké is‘repérté§4from § 1and
étéfion or (éf‘if £ﬁg“éeaéié&ei presSure isfféborfea‘ffdm sﬁipé or'frdm'statiohs
 whose‘éle;étiOns-éréjiésé fhan“7f§m.:'Land-station reports ofiéea;ievel»pressure"
"are élso inclqaédﬁigigﬁé;méghef:deééribed5for the éOI. surface 1ahd-féports
1,éreifequired:toQbevwifhin:1;${ﬁ;uf§‘of the ana1ysiéktimé:versus‘3 hours'f6r
shipsﬁv T£is}thinﬁihg,mééguféiwill;bé deléte& wheﬁ £ﬁé Sﬁper—ob teéhhiques is
impiemented.,tﬁheﬁ exérépolatioﬁ of‘sﬁrface data located beléw'the,firstfguéss
surfagé.ﬁréssurg isr?éqﬁitéd; £hé‘téssTOut limit for thé gross—errqf éhgéklis

‘decreased'by one standard déViation.

‘ih;'first’step in ﬁhevRoi‘is tOubérfbfm a»pnivariateianalySis of‘the‘
1000 ﬁb ﬁeightli.This,énalysis.;sé§ ptimarily the seé41e§él pressure reporfsriﬁ
. the‘form of 1OOQ mbﬂﬂgighf,reéiduals. OQCe the 1000 mb anaiysis,is complete, "
‘fvaiueéfgf éea;Lévelipressure are computed; The hgights are used £Q adjﬁst thg
- satellité.soﬁﬁdiﬁgifeéidualé to fﬁé p;dpéf‘1DQO mb level. | Theiqppe;—air'analysésq
‘uée~thé éurface eieﬁatioﬁ and-préssure'ihlﬁhé‘foim7of,a geopotential.fésiduél.
*;'In.faEt;‘all sﬁfface dafa are used dlrectly at thelr reportéd preésﬁ?e, 51nce 

-,the OI in’ s1gma w1ll dlstrlbute their effect 1n the vert1cal.5



7. PLANS FOR THE FUTURE

As a result of the effort to compile‘the information for this paper, we
decided to review the various aepects of . quality control being performed on

the data base prior to and during the 0I data pre—proceésing.

- We are paruiculefly interested in exploring eoﬁe ideas of.L.‘S. Gandin
which,;acccrdiug‘to recent perscnal communiction with Gandin, have been used-
;_euccesSfully in the 30viet Union. :The basic concept involves perallel, #éther
',*thén'segueutial, testing: each datum is subjected to a battery of‘tests} andl
.";Sniy,gfter all are completed ié a decision made'to retain, reject, ofﬂco;técﬁ_,

" the datum..

A revised pre—analy51s quallty control procedure is belng con51dered for '
1the GOI along the lines of the procedure of Lorenc (1981) in use at ECMWF. It
"‘15 expected to be tallored to the future CYBER 205 conflguratlon of the GOI,

in. whlch multlple matrlces w1ll be solved 51multaneously. d

Aduew‘routine‘to correct radiosondes for eciar radiation effects should
be tested.socn, It is based on the tabulated heigﬁt and temperature ccrrections
for nearly all currently used 1nstruments contained in McInturff, et.al. (1979)

' The surface Shlp wind adjustment 1s belng examlned with respect to low wind
speed performance. A simple algoriuhm to constfuct "super—-obs" of nearly
coincident‘surface and aircraft'date is‘beihg developed. The possibility of a
continuoue updaﬁing of the forecast error stendard‘deviaticn tables is also

being considered.
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